Abstract: This study analyzes data from a survey of drivers (n=1,080) administered in late 2013 to assess factors that influence potential car buyers to consider two different types of plug-in electric vehicles (PEVs) in the United States: plug-in hybrid electric vehicles (PHEVs) and battery electric vehicles (BEVs). The results indicate distinct profiles of respondents preferring PHEVs, which have a gasoline backup engine, versus battery BEVs, which rely solely on a battery for power. Respondents interested in selecting a PHEV consider it more for its economic benefits, such as reduced gasoline and maintenance expenditures. Respondents preferring a BEV are drawn to its environmental and technological appeal. The absence of range anxiety for PHEV is a major factor influencing potential PEV buyers.
Introduction and Background
The advancement of electric vehicle technologies represents one of the most notable developments for surface transportation in the 21st century (Sierzchula, 2014) . The increasing availability and use of plug-in electric vehicles (PEVs), the growing worldwide investment in related technological development and industrial production, and calls for a permanent alternative to the internal combustion engine (ICE), all suggest that PEVs will be long-term components of the future of transportation (Sperling, 2018a; Sperling, 2018b) . Electrification of surface transportation is motivated by both environmental and energy-security objectives. Broad diffusion of PEVs could contribute to the sustainability of transportation by decreasing reliance on petroleum in transport, with the associated benefits of lowering urban air pollution and greenhouse gas emissions from the transportation sector and reducing economic vulnerability In this paper, we analyze data from a survey of 1,080 drivers across urban areas in the United States that was designed to capture potential car buyers' attitudes and preferences regarding different types of PEV technologies. In our analysis, we specifically examine whether individuals who are likely to purchase a vehicle in the near future -here defined as the next two years -indicating a preference for PHEVs are distinct in their profiles from those individuals who indicate a preference for BEVs. In doing so, we contribute to existing scholarship by offering a more nuanced discussion about which aspects of alternative vehicle technologies are most compelling and deterring to different types of consumers. 4
Overview of Prior Literature
There is a large literature on the factors that are related to interest in, and adoption of, The relative lack of research on differences in interest of different types of PEVs and the limited evidence internationally that such differences do exist suggests the need for further research into the attributes that motivate interest in different types of PEVs within the United
States. We address this shortcoming through an analysis of a large sample survey of urban residents where we evaluate the selection of a PHEV or BEV in an-intent-to-purchase survey exercise. In our analysis, we specifically examine whether individuals who are likely to purchase a vehicle in the near future -here defined as the next two years -indicating a preference for
PHEVs are distinct in their profiles from those individuals who indicate a preference for BEVs.
Research Design
We use a cross-sectional design to estimate the relationship between PEV type and respondent perceptions and characteristics. Our analysis is based on data gathered through a 15-minute 8 online survey administered by Qualtrics in October and November, 2013, to a random sample of roughly 100 urban residents from each of the 32 largest metropolitan areas in the United States. 2 In order to participate in the survey, respondents were required to be 18 years of age or older and have a valid driver's license. We chose urban areas because (1) presented with the EPA fuel economy labels for gasoline, hybrid, plug-in hybrid, and electric vehicles. The templates for those labels were obtained from the EPA and filled with information about generic cars to avoid any bias by the respondents towards a particular car, and the placement of the labels was randomized for each respondent to eliminate anchoring effects. The objective of this approach was to make the exercise as realistic as possible, despite the survey setting. Insofar as consumers typically see EPA labels on vehicles when at the dealership or similar information on the internet, and since such information informs their purchase decisions, we sought to replicate this process by providing the EPA labels. The generic information on the vehicles was obtained from Al-Alawi and Bradley (2013). Following exposure to these labels, the respondents were asked to select their preferred vehicle for purchase or lease. Therefore, unlike many studies on PEVs and alternative-fuel vehicles, we narrow our respondents to those that indicated they are likely to acquire a new car in the near future, and whom are already somewhat educated about the tradeoffs and incentives associated with considering a PEV against a typical internal-combustion engine (ICE) automobile.
Dependent Variable
The dependent variable is a binary variable indicating selection of a specific type of electric vehicle powertrain when respondents were asked about their "intent to purchase or lease" their 10 next vehicle after being exposed to the information intervention. Our dependent variable is coded '1' if, when given the choice, the respondent chose a PHEV as their preferred technology for purchase or lease. This means that for the PHEV models, the dependent variable equals zero if the respondent chooses a conventional gasoline, hybrid, or BEV as their preferred vehicle, and equals '1' for choosing a PHEV. For the BEV models, the dependent variable equals zero if the respondent chooses a conventional gasoline, hybrid, or PHEV as their preferred vehicle, and equals '1' for choosing a BEV. For the multinomial models used as robustness checks, the dependent variable equals '1' for the respondent's choice of powertrain, and '0' for all the others.
Independent Variables
As mentioned, the survey collected responses on a wide variety of possible factors that could Table 1 .
[Insert Table 1 Kaiser-Meyer-Olkin values that exceed 0.7 and 0.8 are middling and meritorious, respectively (Kaiser, 1974) .
One set of constructs that overlapped involved policies and incentives, where we asked the respondents whether the availability of certain policies would make it more or less likely that they would choose a PEV for purchase or lease. The policies included various financial incentives, preferred parking, and privileged highway lane access. The policy variables all load onto a single policy factor in the factor analysis, as demonstrated in Table 2 , so we include a single policy binary variable in the models.
[Insert Table 2 about here]
We also asked users whether they expressed preferences for certain vehicle attributes and characteristics. These included questions assessing vehicle purchase, maintenance, and insurance costs, dealer service and financing arrangements, fuel economy, vehicle appearance, performance, and comfort, seating and storage capacity, safety, and manufacturer reputation.
These constructs also overlapped, and we conducted a PCA on these attributes; the results are reported in Table 3 below. The first factor "vehicle cost" encompasses all the economic and financial attributes of the car such as the sticker price, financing options, and fuel and maintenance costs. Attributes in the second factor, "vehicle design," are centered on design attributes and the driving experience. This factor includes the most disparate of vehicle attributes including appearance, luxury, and manufacturers' reputation. We label the third attribute as "vehicle utility," which represents the practical attributes of a vehicle such as seating capacity, cargo, and safety rating. The last factor, "vehicle ruggedness," includes towing capacity and 4-wheel or all-wheel drive.
[Insert Table 3 about here]
Estimation Method
We use binary logistic regression with standard errors clustered by city to predict the selection of each type of PEV. We use separate models to examine PHEVs and BEVs in order to identify and compare the factors that influence a respondent's intent to purchase or lease. In our modeltesting, the variable representing the respondent currently having a "somewhat or very PHEV excluding a favorability variable; and (4) BEV excluding a favorability variable. We display results for the model performance, coefficients, and marginal effects.
To check for the robustness of our results, we run a multinomial probit model that determines the consumers' choice among the four vehicle types: PHEV, BEV, conventional hybrid, and ICE. Similar to the binary logistic models, we run the model with and without the favorability variables. In the multinomial probit, we include the favorability variables for all vehicles and not just the vehicle of interest as in the logit model. As opposed to binary or multinomial logit models, the multinomial probit has the advantage that it does not assume the 13 independence of irrelevant alternatives, which may be violated in assessing how consumers consider choosing a vehicle.
Analysis and Results
Summary statistics are presented in Table 4 , and a breakdown of key demographic characteristics is presented in Table 5 . After the removal of incomplete responses, the sample size is 977 for the logistic regression models and 971 for the multinomial probit model.
[Insert Table 4 and 5 about here] Table 6 displays the results of the logistic regression models and compares the results for the models including the variables for favorability predisposition ("Favorability") to the models excluding them. In all of the models, favorability is a significant predictor of the variation in the decision to choose a PHEV or BEV; removing the favorability variable reduces the pseudo-R 2 of each model by approximately 5%.
Results for Binary Logit Models, PHEV vs. BEV
[Insert Table 6 about here]
In both the models that include and exclude pre-disposed favorability, consumers that For both the models that include and exclude the pre-disposed favorability variable, awareness of charging stations and belief that owning a BEV will improve one's impact on the environment are positively associated with BEV selection. Additionally, when one places a higher priority on vehicle cost attributes, as represented by the vehicle cost factor in our models, he/she is more likely to select a BEV for purchase or lease. Concerns that BEV technology will become outdated, exposure to advertisement of the vehicles, and reliance on an automobile for trips to work, school, or personal trips under 100 miles all discourage choosing a BEV. When pre-disposed favorability variable is removed, concerns about the range of a BEV discourage selection of a BEV, while previous experience owning an alternative fueled vehicle encourages interest in adopting a BEV.
Results for Multinomial Probit Models, PHEV vs. BEV vs. Hybrid vs. ICE
When we compare the results from the multinomial probit model, including the favorability variable presented in Table 7 , to the binary logistic models, we find that our results are robust to changes in the models, and generally reflect the results from the binary logit models 3 . Previous experience owning an alternative-fuel vehicle encourages adoption of a plug-in electric vehicle.
Desiring to have cutting edge technology encourages choosing a BEV, while needing to replace an existing vehicle with the next vehicle purchase and reliance on automobile for most daily trips makes BEV selection less likely. The exception is that prior ownership of an alternative fuel vehicle and agreement with the statement that PEVs are at the cutting edge of transportation technology become statistically significant in the multinomial probit models. Age discourages the purchase of a PHEV across all models. The amount that one spends on gasoline and agreement that plug-in vehicles save money on maintenance costs are both positively associated with PHEV selection. Three variables are statistically significant uniquely for the BEV: impact on environment, concerns about the range of the vehicle, and a reliance on a car for travel. The variable "vehicle cost" is positive for the hybrid and BEV vehicles, likely because consumers who are price-conscious may be attracted to the lower operating cost (gasoline or electricity, insurance, and maintenance) of these vehicles.
[Insert Table 7 and 8 about here]
Removing the favorability variable in Table 8 results in a few minor changes to the results, which parallel those seen in the binary logit models. With pre-disposed favorability removed, supportive policies are positively associated with hybrids, PHEVs, and BEVs.
Supportive vehicle cost factors no longer encourage selection of a hybrid. Projecting a positive environmental image, the vehicle being at the cutting edge of technology, and vehicle ruggedness all become positively associated with PHEV choice, while time to recharge is negatively associated with PHEV choice. The variable for maintenance cost becomes significant and encourages selection of a BEV, while the availability of a level 2 public charger discourages selection of a BEV.
Discussion
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The 
Conclusion
Based on these findings, it appears that for plug-in electric vehicles to proliferate the mainstream automobile market, range anxiety is one of the top performance features to address. While our data were collected in late 2013, at a time when some electric vehicles had a shorter range, more recent research shows that range anxiety remains a widespread concern (e.g., Singer, 2016) 
